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| INTRODUCTION
While the majority of patients with epilepsy will achieve seizure freedom with a single antiepileptic drug (AED), 1 patients with drug-resistant focal epilepsy will generally require treatment with more than one AED. 2 However, antiepileptic polytherapy is commonly thought to result in reduced tolerability 3 and most physicians would aim to treat newly diagnosed epilepsy patients with a single AED. 4 In clinical studies to date, the advantage of monotherapy over polytherapy in terms of tolerability does not appear to be completely clear-cut and may depend on the number, dose, and type of concomitant AED. Studies examining the effects of reducing concomitant AEDs or comparing AED monotherapy with polytherapy have had mixed results. In a study of patients who were undergoing lacosamide titration, a proportion of patients (55.7%) underwent planned reduction of concomitant AEDs. Patients who reduced the number of concomitant AEDs had a lower incidence of adverse events (AEs) than those who did not reduce concomitant AEDs without significant differences in seizure outcomes between groups. 5 Conversely, when Deckers and colleagues compared carbamazepine monotherapy with a combination of carbamazepine and valproate in a randomized, double-blind trial, they observed no statistically significant differences in seizure reduction, overall incidence of AEs, or discontinuation because of AEs. 6 Similarly, an observational study of patients who had failed one AED monotherapy revealed no differences in tolerability, retention time, hospital admissions, days off work and off school, or quality of life between patients receiving an alternative monotherapy and those receiving polytherapy. 7 Efficacy, tolerability, and quality of life were also comparable between monotherapy and polytherapy groups in an open-label, randomized controlled trial conducted by Semah and colleagues. 8 The lack of consensus regarding the effects of AED polytherapy is further complicated by the fact that most trials comparing monotherapy and polytherapy have concentrated on the number of AEDs in the treatment regimen without considering the doses of each drug. A systematic literature review has suggested that AED toxicity may be related to the overall AED drug load in patients on polytherapy rather than the number of concomitant AEDs. 9 Drug load can be quantified using the ratio of the actual prescribed dose and the World Health Organization (WHO) defined daily dose (DDD). Limited information is available regarding the effect of AED drug load on outcomes and tolerability. As this is an important clinical consideration, assessment of the effects of drug load should be performed under conditions that emulate those seen in clinical practice. Drug load effects cannot be accurately measured in randomized controlled trials due to fixed titration schedules and maintenance doses and because concomitant AEDs and doses have to remain stable. Therefore, measuring drug load is only possible in noninterventional studies where dose adaptations of the test drug as well as the concomitant AEDs are fully flexible. Drug load has rarely been carefully assessed in noninterventional studies. Lacosamide is a functionalized amino acid that selectively enhances slow inactivation of voltage-gated sodium (Na v ) channels, without any effects on fast inactivation. 10 It is currently approved for the treatment of focal (partialonset) seizures with or without secondary generalization in the European Union 11 and in the United States for patients 4 years of age and older. 12 This observational study explored changes in drug load and seizure frequency when patients added lacosamide to epilepsy treatment regimens with and without sodium channel-blocking AEDs (SCBs) in German and Austrian clinical practice.
reviews were performed by central or local independent ethics committees or institutional review boards. All patients (or their legal representatives) signed a patient data consent form before enrollment. The study was conducted between July 2012 and July 2015. The planned Observation period was ~6 months and comprised four anticipated visits to a physician; firstly at Baseline, an optional visit or phone call during weeks 2-6 of treatment, followed by visits at month 3 and month 6. As this was a noninterventional study, treatment choices were made independent of the study by the treating physician and were consistent with German or Austrian treatment guidelines and local marketing authorization for lacosamide.
| Patients
This study included patients aged ≥18 years with a diagnosis of epilepsy with focal seizures (with or without evolution to bilateral tonic-clonic seizures). All enrolled patients had experienced at least one seizure in the 3 months before starting lacosamide and must not have received lacosamide for more than 7 days before study entry. There were no predefined exclusion criteria.
| Outcome measures
The primary outcome measure was the percentage change in the ratio of actual prescribed dose and WHO DDD 13 for the drug load of concomitant AEDs from Baseline to the end of the Observation period. The drug load was calculated as the sum of ratios of dose and DDD for all AEDs at the respective time point. An increase in the ratio indicated an increase in drug load. Other variables included: the incidence of concomitant AED usage; change in the ratio of dose and DDD for all AEDs (including addition of lacosamide) from Baseline to the end of the Observation period; the percent change in focal seizures per 28 days from Baseline to the end of the Observation period; the proportion of patients with a ≥50% or ≥75% reduction in focal seizures per 28 days from Baseline; and the proportion of patients achieving seizure freedom at the end of the Observation period, that is, proportion of patients who had no seizures since the previous visit. Seizure frequency was documented at sites according to routine clinical practice. Baseline seizure frequency was based on 3-month historical seizure count; for all other visits, the time since the previous visit was considered. Seizure frequency data were normalized to 28-day periods. Safety and tolerability were assessed using the incidence of adverse drug reactions (ADRs; AEs considered by the investigator to be related to lacosamide treatment) as reported spontaneously by the patient or observed by the physician, and patient withdrawals resulting from ADRs. As predefined in the study protocol, any dose higher than the maximum approved dose of 400 mg/d (off-label use) had to be reported as an ADR irrespective of whether the event resulted in clinical symptoms.
| Analysis
The change in the ratio of dose and DDD as well as all safety and efficacy variables were summarized using descriptive statistics. Safety variables were analyzed using the safety set (SS; all patients who received at least one dose of lacosamide). The primary outcome measure and variables related to the ratio of dose and DDD were analyzed using the full analysis set (FAS; all patients in the SS who had data allowing calculation of the ratio of dose and DDD at Baseline and at one or more post-Baseline visits). Data for the primary variable are also presented for the modified FAS (mFAS; patients in the FAS who only received adjunctive lacosamide at the approved dose of ≤400 mg/d [no monotherapy] and did not discontinue lacosamide before end of study), for patients based on time since epilepsy diagnosis (<10 years or ≥10 years), and for patients aged <65 years or aged ≥65 years at date of informed consent. Effectiveness variables are presented for the mFAS. Two subgroups of patients were defined: those adding lacosamide to at least one Baseline AED that was recognized as a sodium channel-blocking AED (SCB [+] group: carbamazepine, oxcarbazepine, eslicarbazepine, phenytoin, lamotrigine), and those adding lacosamide to a regimen of other concomitant AEDs (SCB [−] group). Patients were assigned to these groups based on their concomitant AED regimen at Baseline and remained in these groups regardless of any changes to their concomitant AEDs. Results are presented separately for the overall population and for patient subgroups. Exploratory statistical testing was performed post hoc to compare the Baseline characteristics between patients in the SCB (+) and SCB (−) group. A Cochran-MantelHaenszel test was performed to compare the number of concomitant AED groups at Baseline between SCB subgroups. Wilcoxon rank-sum tests were used to compare time since first diagnosis and Baseline focal seizure frequency between SCB subgroups. All reported P-values are nominal.
The sample size was based on the difference of percentage change in the ratio of dose and DDD between SCB (+) and SCB (−) groups from Baseline to the end of the Observation period. A difference of 20% was assumed as a reasonable target. Taking into account data from a previous study, 14 140 evaluable patients per group would provide 80% power to detect a 20% difference at 5% significance level. Assuming that ~25% of included patients would not be evaluable for efficacy (missing data as observed in previous noninterventional studies), 374 patients were planned to be included to obtain 280 evaluable patients. All available data were used for analysis and missing data of variables were not substituted. However, imputations were
done for missing or partial dates in order to use the available data as completely as possible.
| RESULTS

| Patient disposition and characteristics
Overall, 315 patients enrolled and 311 were included in the SS. A total of 154 patients (49.5%) had an epilepsy duration of ≥10 years and 58 patients (18.6%) were aged ≥65 years (Table 1; Table S1 ). A total of 252 patients (81.0%) completed the study and 59 discontinued treatment ( Figure 1 ). The most common primary reasons for discontinuation were lost to follow-up (6.8%), ADR to lacosamide (4.5%), and lack of efficacy (3.5%). The FAS comprised 302 patients, and 240 patients were included in the mFAS.
Of the 311 patients in the SS, 153 received lacosamide in combination with SCB (+) AEDs at Baseline, of whom 120 (78.4%) completed the study. A total of 158 patients received SCB (−) AEDs at Baseline, of whom 132 (83.5%) completed the study ( Figure 1 ). Patients in the SCB (+) subgroup had a longer time since diagnosis than patients in the SCB (−) subgroup (P < 0.0001) and a higher number of concomitant AEDs at Baseline (P < 0.0001). They also had a numerically higher focal seizure frequency at Baseline (P = 0.0862; Table 1 ).
The mean lacosamide treatment duration was 174. 
| Overall population
| Change in AED drug load
In the FAS, the observed ratio of daily dose of concomitant AEDs (excluding lacosamide) to the DDD decreased from Baseline to the end of the Observation period (absolute change: −0.28 [SD 0.64]; mean percentage change: −9.6% [SD 51.1]; Table 2 ). In the mFAS, the mean percentage change was −8.7% (SD 26.1). The mean percentage changes in patients aged <65 years and ≥65 years (FAS) were −10.5% (SD 55.0; n = 245) and −6.0% (SD 28.3; n = 57), respectively. In patients with epilepsy duration of <10 years and ≥10 years, the mean percentage changes were −8.1% (SD 29.5; n = 151) and −11.3% (SD 66.2; n = 150), respectively.
The observed ratio of daily dose of all AEDs (including addition of lacosamide) to the DDD increased by 15.5% (SD 33.6) from 2.22 (SD 1.02) at Baseline to 2.44 (SD 1.05) by the end of the Observation period (Table 2) .
In patients taking one concomitant AED at Baseline, there was no change in the mean ratio of concomitant AED dose to DDD (Figure 2) . Decreases in the mean ratio of concomitant AED dose to DDD were observed in patients who were treated with two or more concomitant AEDs at Baseline (Figure 2 ). A greater percentage of patients were receiving one concomitant AED at the end of the Observation period compared with Baseline (68.5% vs 61.6%, respectively). Nine patients (3.0%) were receiving lacosamide monotherapy at the end of the Observation period. At the end of the Observation period, the proportion of patients in the FAS taking the following AEDs had changed by ≥1% from Baseline: lamotrigine (−5.3%), valproate (−3.0%), levetiracetam (−2.6%), carbamazepine (−2.6%), clobazam (−2.6%), and topiramate (−1.3%).
| Change in focal seizure frequency
The median percentage reduction in focal seizure frequency per 28 days from Baseline was −53.59% (range: −100.0, 3718.2) at Visit 2 (weeks 2-6), −100.00% (−100.0, 2300.0) at Visit 3 (month 3), and −100.00% (−100.0, 2275.8) at the end of the Observation period in the mFAS ( Figure 3A) . Of 240 patients in the mFAS, 169 patients (70.4%) achieved a ≥50% reduction in focal seizure frequency per 28 days over the Observation period, and 148 patients (61.7%) achieved a ≥75% reduction. A total of 122 patients (50.8%) achieved seizure freedom ( Figure 3D ). There were no noteworthy differences in effectiveness with the FAS (data not shown).
| Safety
Sixty-two patients (19.9%) reported 134 AEs. Overall, 57 patients (18.3%) reported ADRs ( Table 3 ). The most commonly reported ADRs (≥1% of patients) were dose >400 mg/d (7.1%), drug ineffective (3.5%), dizziness (2.3%), headache (1.9%), fatigue (1.3%), and nausea, diplopia, and seizure (1.0% each). Adverse drug reactions leading to discontinuation of lacosamide were reported by 17 patients (5.5%), most commonly headache (1.9%), dizziness (1.6%), drug ineffective (1.3%), and seizure (1.0%).
Serious ADRs were reported by seven patients (2.3%). No serious ADR was reported by more than one patient. Two deaths were recorded during the study period. One death, of a 63-year-old man in the SCB (−) group, was because of generalized seizure and malignant brain tumor (glioblastoma). The glioblastoma (grade IV) was present at study entry. The other death, of a 77-year-old man in the SCB (−) group, was because of aspiration pneumonia. There was prolonged immobilization before death. Neither death was considered to be related to lacosamide.
One patient became pregnant during the study period while receiving lacosamide and levetiracetam. Lacosamide was discontinued a few weeks after the pregnancy was reported and it was unknown whether treatment with levetiracetam was continued. The baby was born prematurely (32 weeks, 2 days) but this was not considered to be related to lacosamide.
| Lacosamide in combination with SCB (+) AEDs
| Change in AED drug load
In patients on concomitant SCB (+) AEDs (FAS), the ratio of concomitant AED dose to DDD decreased from Baseline to the end of the Observation period, while the observed ratio of daily dose of all AEDs (including addition of lacosamide) to the DDD increased ( Table 2 ). The mean percentage changes of concomitant AED dose in patients aged <65 and ≥65 years were −15.9% (SD 68.6; n = 132) and −8.6% (SD 17.3; n = 17), respectively. In patients with epilepsy duration of <10 years, the mean percentage change was −16.8% (SD 29.4; n = 55) compared with −14.2% (SD 79.0; n = 93) in patients with an epilepsy duration of ≥10 years. There was no change in the mean ratio of concomitant AED dose to DDD in patients taking one concomitant AED at Baseline (Figure 2 ). Decreases were observed in patients receiving two or more concomitant AEDs at Baseline ( Figure  2) . The proportion of patients receiving one concomitant AED at the end of the Observation period was 54.4% 
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| Change in focal seizure frequency
The median percentage reduction in the number of focal seizures per 28 days in the mFAS from Baseline to the end of the Observation period was −83.33% ( Figure 3B ). Of 114 patients in the mFAS, 72 (63.2%) and 61 (53.5%) patients achieved a ≥50% and 75% reduction in focal seizure frequency per 28 days over the Observation period, respectively. A total of 51 patients (44.7%) became seizure-free ( Figure 3E ).
| Safety
Adverse drug reactions were reported by 35 patients (22.9%; Table 3 ). Eleven patients (7.2%) discontinued treatment because of ADRs, most commonly drug ineffective (2.6%), headache (2.0%), dizziness (2.0%), and nausea (1.3%). Serious ADRs were reported by one patient (0.7%; suicidal ideation).
| Lacosamide in combination with SCB (−) AEDs
| Change in AED drug load
In patients on concomitant SCB (−) AEDs (FAS), the ratio of concomitant AED dose to DDD decreased from Baseline to the end of the Observation period, while the observed ratio of daily dose of all AEDs (including addition of lacosamide) to the DDD increased ( Table 2 ). In patients aged <65 years, the mean percentage change of concomitant AED dose was −4.2% (SD 32.0; n = 113) compared with −4.9% (SD 31.9; n = 40) in patients aged ≥65 years. In patients with epilepsy duration of <10 years and ≥10 years, the mean percentage changes were −3.1% (SD 28.6; n = 96) and −6.5% (SD 37.0; n = 57), respectively.
There was no change in the mean ratio of concomitant AED dose to DDD in patients taking one concomitant AED at Baseline (Figure 2 ). Decreases were observed in patients who were receiving two or more concomitant AEDs at Baseline (Figure 2 ). There were small decreases (≥1%) in concomitant use of valproate (−3.9%), clobazam (−3.3%), and levetiracetam (−1.3%) from Baseline to the end of the Observation period. Four patients (2.6%) withdrew all concomitant AEDs and were receiving lacosamide monotherapy at the end of the Observation period.
| Change in focal seizure frequency
Median percentage reduction in seizure frequency per 28 days in the mFAS from Baseline to the end of the Observation period was −100.00% ( Figure 3C ). Of 126 patients in the mFAS, 97 (77.0%) and 87 (69.0%) patients achieved a ≥50% and 75% reduction in focal seizure frequency per 28 days over the Observation period, respectively. A total of 71 patients (56.3%) became seizure-free ( Figure 3F ).
| Safety
Adverse drug reactions were reported by 22 patients (13.9%; Table 3 ). Six patients (3.8%) discontinued lacosamide because of ADRs, most commonly headache (1.9%), dizziness, seizure, fatigue, and upper abdominal pain (1.3% each). Serious ADRs were reported by six patients (3.8%).
| DISCUSSION
In this noninterventional, observational study of adjunctive lacosamide during routine clinical practice in centers in Germany and Austria, concomitant AED drug load was reduced following introduction of adjunctive lacosamide. Reductions in concomitant AED drug load were observed in patients on concomitant SCB (+) AEDs and in those on SCB (−) AEDs only. The overall drug load of all AEDs increased as may be expected given the addition of lacosamide; however, dosages of concomitant AEDs and the number of patients receiving combinations of two or three concomitant AEDs were reduced. These observations were seen in the overall population as well as in patients who only received lacosamide doses ≤400 mg/d (mFAS).
While partially compensated by a decrease of the concomitant AED drug load, the overall increased drug load after addition of lacosamide resulted in improvements in seizure control, with the majority of patients (70.4%) achieving a ≥50% reduction in seizure frequency, and half of patients (50.8%) achieving seizure freedom. When indirectly comparing with other observational studies, effectiveness of lacosamide in our study was similar to that observed in another noninterventional study of lacosamide in Germany (≥50% reduction in seizure frequency: 72.5%; seizure freedom: 45.5%). 15 Effectiveness in our study was also comparable to that seen in another noninterventional study of lacosamide in Spain (6-month data: ≥50% reduction in seizure frequency: 76.5%; seizure freedom: 43.9%). 16 Reductions in concomitant AED drug loads were considerably higher in patients aged <65 years compared with those aged ≥65 years; however, interpretation of this subgroup analysis is limited by the low number of patients aged ≥65 years and the fact that the majority of these were receiving concomitant SCB (−) AEDs and had less severe epilepsy compared with those aged <65 years. Furthermore, patients aged <65 years had a higher drug load and a higher number of concomitant AEDs at Baseline than those aged ≥65 years. Reductions in concomitant AED drug loads were also higher in patients with longer time since diagnosis. However, it should be noted that patients with long-standing diagnosis (≥10 years) also had higher drug load at Baseline.
This study defined two subgroups based on patients' concomitant use of SCB (+) or SCB (−) AEDs at Baseline. Patients in the SCB (+) subgroup had a longer time since diagnosis, higher focal seizure frequency, and a higher number of concomitant AEDs than those in the SCB (−) group, indicating that they were more likely to have severe/uncontrolled epilepsy. The use of an SCB (+) AED regimen in patients with more severe epilepsy is supported by a small study, which suggested that patients with high seizure frequency before treatment initiation were more likely to achieve seizure freedom with SCB (+) AEDs than levetiracetam. 17 Patients in the SCB (+) subgroup also had a higher overall drug load than patients in the SCB (−) subgroup. Given these differences in Baseline characteristics, a direct comparison of study outcomes by mechanism of action of the patient's concomitant AED regimen would not be meaningful. Nevertheless, decreases of concomitant AED drug load tended to be larger in patients with two or more concomitant AEDs including SCB (+) AEDs than in patients with SCB (−) AEDs only. In both the overall population and the AED subgroups, there were no substantial changes in concomitant AED drug load among patients taking lacosamide with only one concomitant AED. Despite the observed Baseline differences, it is apparent that the benefits of lacosamide in terms of seizure reduction and favorable tolerability can be observed in patients receiving both SCB (+) and SCB (−) AEDs. This is consistent with the results of another study using flexible dosing of lacosamide and concomitant AEDs 18 and an audit of lacosamide use in clinical practice. 19 Higher drug loads have been associated with poorer tolerability and higher incidence of AEs. In a review of 261 adult patients with epilepsy and osteoporosis, cumulative AED drug load was associated with a higher occurrence of fractures. 20 Similarly, a retrospective analysis of patients with epilepsy found poorer cognitive function was more strongly associated with higher number of concomitant AEDs compared with higher DDD. 21 However, in a large study of 809 patients with refractory epilepsy by Canevini et al, 14 incidence
of AEs did not differ between monotherapy and polytherapy patients, and did not correlate with AED load. While there were some methodological issues with the assessment of the relationship between tolerability and AED load, Canevini and colleagues suggest that the lack of difference in tolerability between monotherapy and polytherapy treatment regimens may be because of individualization of patients' treatment to optimize efficacy and tolerability. In addition, drug load may not represent an accurate measure of drug exposure because of the effects of physiologic factors (eg, genetic factors influencing liver enzymes and drug-transporter mechanisms; age), comorbidities (eg, hepatic and renal disease and various illnesses changing pharmacokinetics), and interactions with concomitant medications. 14, 22 This noninterventional study aimed to investigate the use of adjunctive lacosamide in routine clinical practice. Few eligibility criteria were defined in order to ensure that enrolled patients were reflective of the wider epilepsy population. Patients participating in the study were taking a variety of different AEDs, different numbers of AEDs, and different dosages. This likely contributed to the observed high variability in the drug load outcomes. Comparison between results in the SCB (+) and SCB (−) groups should be made with caution because of the differences in Baseline characteristics suggesting different patient populations; therefore, no statistical tests were performed. Interpretation of the change in drug load by number of Baseline AEDs is limited by the low numbers of patients taking three or more AEDs at Baseline. Interpretation of the results is also limited by the open-label study design and lack of a direct comparator group given the real-life setting, and a follow-up limited to 6 months. Furthermore, observed drug load changes are descriptive and the reasons for changing the dose of concomitant AEDs were not documented. Therefore, it was not possible to determine whether reductions in concomitant AEDs were primarily because of improved seizure control with the addition of lacosamide, tolerability considerations, or other reasons. Despite these limitations, this study reflects the use of adjunctive lacosamide and currently available concomitant AEDs in Germany and Austria.
| CONCLUSION
In conclusion, while adding lacosamide to an existing AED treatment regimen increased the overall drug load, part of this increase was compensated by a reduction of the concomitant AED drug load, regardless of whether the treatment regimen consisted of SCB (+) or SCB (−) AEDs. Addition of lacosamide resulted in good effectiveness and tolerability. The results of this study indicate that addition of lacosamide in patients with focal seizures could allow clinicians to reduce concomitant AED drug load by withdrawing or reducing the doses of less well-tolerated or less effective AEDs.
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